ABSTRACT The Nearctic genus Neossos Malloch is revised. The genus contains three species: Neossos marylandicus Malloch (type locality: Bell, MD), Neossos californicus Melander (type locality: Corona del Mar, CA), and Neossos atlanticus n. sp. (type locality: Île Bonaventure, Quebec, Canada). All species are described and illustrated, and a key to species is provided. The male postabdomen of the genus is described in detail for the Þrst time. All known specimens of Neossos have been collected from bird nests, and the larvae and adults are apparently closely associated with the nest material. Morphological differences between the three species of Neossos correspond to differences in avian hosts at the ordinal level, architecture of host nests, and geographic distribution. N. marylandicus is associated with cavity-nesting passerine birds in eastern North America, N. californicus with raptors in western North America, and N. atlanticus with colonial, cliff-nesting seabirds in eastern North America.
Neossos Malloch
Neossos Malloch 1927: 90 (type species: Neossos marylandicus Malloch, original designation). Neossus, Melander (1952: 38) 
(error).
Diagnosis. Small gray and yellow Heleomyzidae with two fronto-orbital setae approximately equal in length; ocellar setae proclinate and situated within ocellar triangle; four dorsocentral setae, two pairs of scutellar setae; prosternum, anepisternum and anepimeron bare, proepisternal seta present; wing with costal spines present but small, A 1 ϩCuA 2 not reaching wing margin; all tibiae with preapical dorsal seta; mid-tibia with several apical ventral setae. Male surstylus bilobed.
Description. Heleomyzidae: Chiropteromyzini sensu McAlpine (1985) . Frons setulose; ocellar triangle with proclinate setae and sparse setulae; two fronto-orbital setae, equal in length; anterior fronto-orbital seta lateroreclinate, arising one third to one half of its length anterior to posterior fronto-orbital; posterior fronto-orbital reclinate; vertical setae equal in length, inner vertical inclinate or erect, outer vertical latero-reclinate; face yellow; antenna with ring of short apical setulae and strong dorsomedial seta on pedicel, Þrst ßagellomere pubescent, arista brown, yellow at base, micropubescent; gena with three to eight genal setae, strong vibrissa, one strong subvibrissal seta; postgena with two to Þve setae; occiput with two marginal rows of setulae extending to postgena; palpus and labrum pale yellow to gold, palpus with one to two weak apicoventral setae, labrum with Þne yellow setulae.
Thorax gray-yellow; one presutural and three postsutural dorsocentrals, posteriormost 1.3 times as long as anterior; one presutural and two postsutural intra-alars, one postsutural supra-alar, one anterior and one posterior notopleural seta, six to eight uneven rows of acrostichal setulae, one prescutellar acrostichal seta; postpronotum setulose anteriorly, with one strong and one weak seta; proepisternum with strong ventral seta, proepimeron with weak ventral seta, prosternum, anepimeron, and anepisternum bare, katepisternum with strong posterodorsal seta and transverse row of three to six short setae anterior to this; scutellum with one strong basal seta, one strong sub-apical seta, 1.3 times as long as basal seta. Wing hyaline, costal spines present but small, A 1 ϩCuA 2 not reaching wing margin; halter pale yellow. Legs yellow; fore femur with one posterodorsal and one posteroventral row of setae; mid-femur with one strong anterior seta just beyond midpoint; all tibiae with preapical dorsal seta; mid-tibia with ring of four to Þve subapical or apical setae; hind tibia with one apicoventral seta. Abdominal tergites 2Ð5 with strong marginal and submarginal setae.
Male postabdomen: Tergite 6 narrower than tergite 5, extending from left dorsolateral side to right ventrolateral side, narrower and less sclerotized ventrally on right (Figs. 1 and 2); tergite 7 absent; sternite 6 as broad as tergite 6, extending from lateroventral right side to lateral left side, narrower dorsolaterally, more heavily sclerotized along anterior margin (Figs. 1 and 2); sternite 7 triangular, located along left side, posterodorsal to sternite 6, fused with sternite 8 dorsally, more heavily sclerotized along anterior margin (Figs. 1 and 2); right sixth spiracle in membrane beneath ventral margin of tergite 6; left sixth spiracle in membrane dorsal to sternite 6; right seventh spiracle in membrane next to secondary sclerotization posteroventral to sternite 7; left seventh spiracle in anterodorsal margin of sternite 7 (Figs. 1 and 2); sternite 8 with two long submarginal setae; epandrium rounded, shorter than sternite 8; surstylus bilobed, inner lobe simple, not extending ventrally past outer lobe, with two weak subapical anterior setae and scattered setulae along distal half; outer lobe simple, with several weak setae and setulae (Figs. 3 and 4) ; hypandrium well sclerotized along outer margin, with two ventral processes, each bearing eight to 12 setae (Figs. 3 and 4), hypandrium also with two secondary sclerotized projections arising from anterior ventral margin and extending anteriorly (Fig. 2) ; phallus long, mostly membranous, with marginal sclerotized band running from basiphallus to apex, tapering distally, setulose on distal three quarters (Fig. 9) , epiphallus dark brown to black, extending ventrally posterior to phallapodeme, often beyond ventral apex of surstylus (Fig. 3) ; postgonite bilobed, with two subapical setae on outer lobe (Fig. 9) ; phallapodeme rod-like, curving slightly downward at mid-point; cercus membranous, with strong setae distally, weak setulae basally (Fig. 4) .
Female postabdomen: Tergites 6, 7, 8 all well developed, progressively smaller posteriorly (Fig. 5) ; sternites 6, 7, 8 well developed, smaller than tergites, progressively smaller posteriorly (Fig. 6) ; cerci shorter than tergite 8; two spermathecae, similar in size, well sclerotized, cylindrical with curved apex (Fig. 7) .
Remarks. The above-mentioned description refers to the Nearctic species of Neossos s.str. The status of the related Palearctic genera Ornitholeria Frey and Chiropteromyza Frey is unresolved and they are treated as distinct genera pending further study of their relationships (see Discussion). Neossos marylandica, Curran (1934: 331, 372) ; Melander (1952: 38) . Neossos marylandicus, Vockeroth (1965: 817) ; Cogan (1972: 3) .
Key to the Nearctic Species of Neossos
Description. Total length 1.5Ð1.7 mm. Frons narrowing anteriorly, yellow anteriorly, darker yellow posteriorly; ocellar triangle subshining yellow-gray, orbital plate yellow-gray, usually paler than ocellar triangle; face, clypeus, palpus, labrum pale yellow; pedicel and scape yellow, rarely paler than anterior part of frons; Þrst ßagellomere pale yellow to yellow, gray dorsoapically, more so in females; arista brownblack with yellow-gray base; gena and postgena pale yellow, more sclerotized along margin, with three to six genal setae in addition to vibrissa and subvibrissal seta; occiput subshining yellow-gray marginally, usu- (7) Female spermathecae. Abbreviations: ascl, additional sclerite of hypandrium; cer, cercus; epd, epandrium; epph, epiphallus; hyp, hypandrium; phap, phallapodeme; pog, postgonites; sp, spiracle; st, sternite; sur, surstylus; tg, tergite.
ally same color as ocellar triangle, darker and more golden medially. Scutum usually same color as ocellar triangle, paler along lateral and posterior margins; proepisternum, proepimeron, anepisternum, katepisternum, anepimeron pale yellow to yellow; posterior part of anepisternum sometimes darker; scutellum paler than scutum, bare of setulae. Wing length 2.0 mm. Legs yellow-gold, coxae paler. Abdomen brown-black, sternites 2Ð5 paler than tergites 2Ð5.
Male postabdomen (Figs. 1Ð 4): Epandrium dark brown, rounded, wider than long; hypandrium brown, ventral hypandrial process with nine to 10 setae; surstylus with outer lobe widest at base, narrowing evenly to apex in lateral view.
Types Other Material Examined. CANADA: Quebec: SteAnne-de-Bellevue, Macdonald Campus Farm (45Њ 24.7Ј N 73Њ 56.6Ј W), 3-VII-1997, house sparrow nestbox 3, C. Riley (7(, 2Ǩ, LEM); 25-VII-1997, house sparrow nestbox 14B, C. Riley (10(, 8Ǩ, LEM); 28-VII-1997, house sparrow nestbox 2, C. Riley (3(, LEM); 31-VII-1997, house sparrow nestbox 4, C. Riley (2(, 1Ǩ, LEM); 19-V-1998, house sparrow nestbox 6B, C. Riley (1(, 1Ǩ, LEM); 21-V-1998, house sparrow nestbox 11A, C. Riley (1(, LEM); 29-VI-1998, house sparrow nestbox 11B, C. Riley (1Ǩ, LEM); 09-VII-1997, tree swallow nestbox 13, C. Riley (5(, 3Ǩ, LEM); 09-VII-1997, tree swallow nestbox 8, C. Riley (1(, 1Ǩ, LEM); 01-VII-1998, tree swallow nestbox 24A, C. Riley (4(, 3Ǩ, LEM); 01-VII-1998, tree swallow nestbox 28B, C. Riley (2(, LEM); UNITED STATES: Maryland: Bell, bred from martin house, collected 23- IX-1926 , emerged 11-IV-1927 Remarks. The holotype of N. marylandicus is lost. The pin bearing a card point and labels is in the USNM type collection, along with a note handwritten by C. W. Sabrosky indicating that the type was lost before 1949. We have not designated a neotype because the identity of the species is not in doubt. Two specimens in the USNM were labeled as paratypes before this study, but both of those specimens (and most others in the USNM) were collected in 1927, subsequent to the publication of the species description, so they could not have been paratypes. Another specimen in the USNM was labeled "Neossos marylandica allotype" in MallochÕs handwriting and the collection data match those in the original publication; that specimen is considered a paratype, although it is a male, not a female as stated by Malloch (1927) . There is no other specimen in the USNM with label data corresponding to that of the second paratype.
Most of the key characters used by Melander (1952) to distinguish N. marylandicus from N. californicus are not reliable; only the difference in the color of the thorax is consistent. Ryckman (1953) and Lee and Ryckman (1954) published records of N. marylandicus from California and Arizona; those records were repeated by Ferrar (1987) . We have examined the specimens on which all of those records are based and all are N. californicus; we have seen no western specimens of N. marylandicus. A record of N. marylandicus from Siberia (Gorodkov 1972 ) actually refers to Ornitholeria nidicola Frey (see Gorodkov 1970) , which was treated as a junior synonym of N. marylandicus by Gorodkov (1972) .
Neossos californicus Melander
Neossos californica Melander (1952: 38) . Neossos californicus, Vockeroth (1965: 817) . Neossos marylandica of Ryckman (1953) , Lee and Ryckman (1954) 
(misidentiÞcation).

Neossos marylandicus of Ferrar (1987) (misidentiÞca-tion).
Description. Total length 1.6 Ð1.8 mm. Frons parallel-sided, yellow to golden brown anteriorly, slightly darker posteriorly; ocellar triangle subshining yellow gray, orbital plates yellow-gray, same color as ocellar triangle; face, clypeus, palpus pale yellow to yellowgray, labrum sometimes paler; pedicel and scape yellow to golden-brown, rarely paler than anterior part of frons; Þrst ßagellomere yellow to golden brown, with little or no dorsobasal gray shading; arista brown-black with yellow-gray base; gena and postgena pale yellow to yellow-gray, darker and more sclerotized along ventral and posterior margins, with four to Þve genal setae in addition to vibrissa and subvibrissal seta; occiput subshining yellow-gray marginally, usually same color as ocellar triangle, darker golden brown medially. Scutum same color as ocellar triangle, uniform in color and shading; proepisternum, proepimeron yellowgray, anepisternum, katepisternum, anepimeron sometimes more gray; posterior anepisternum and anepimeron often darker; scutellum same color as scutum. Wing length 2.3 mm. Legs yellow gold, coxae same color. Abdomen brown, sternites 2Ð5 same color as tergites 2Ð5.
Male postabdomen (Figs. 8 Ð10) : Epandrium dark brown, rounded, wider than long; hypandrium brown, ventral hypandrial process with 10 Ð12 setae; surstylus with outer lobe widest at base, narrowing sharply and curving posteriorly along apical one third in lateral view.
Type. HOLOTYPE Ǩ. 
Neossos atlanticus n. sp
Description. Total length 1.9 Ð2.1 mm. Frons parallel-sided, yellow to orange anteriorly, golden brown to brown-black posteriorly; ocellar triangle subshining yellow-gray, orbital plates yellow-gray, usually same color as ocellar triangle; face, clypeus, palpus, labrum pale yellow to yellow; pedicel and scape yellow to orange, same color as anterior part of frons; Þrst ßag-ellomere yellow on dorsoapical one fourth, the rest gray, darker near base; arista brown-black, yellowgray at base; gena same color as face, pale yellow to yellow, with Þve to eight genal setae in addition to vibrissa and subvibrissal seta; occiput subshining yellow-gray marginally, darker and golden brown medially. Scutum same color as ocellar triangle, uniform in color and shading; proepisternum, proepimeron, anepisternum, katepisternum, anepimeron yellow-gray, posterior anepisternum and anepimeron sometimes darker; scutellum same color as scutum. Wing length 2.5 mm. Legs dark yellow, coxae same color or paler. Abdomen dark yellow to black-brown, sternites 2Ð5 sometimes paler than tergites 2Ð5.
Male postabdomen (Figs. 11Ð13) : Epandrium dark brown, rounded, wider than long; hypandrium brown, ventral hypandrial process with eight to nine setae; surstylus with outer lobe widest at base, narrowing evenly along length, more sharply in apical third.
Types. HOLOTYPE (. CANADA: Quebec: Île Bonaventure, 27-VII-1954, kittiwake nest, G. P. Hol- land (CNC). PARATYPES: same data as holotype (6(, 7Ǩ, CNC; 2(, 2Ǩ, LEM).
Etymology. The speciÞc name refers to the Atlantic region of Canada, where kittiwakes nest on sea cliffs.
Remarks. There is no information on the specimen labels to indicate whether the type series was collected from a single kittiwake nest or multiple nests.
Discussion
Taxonomic History and Status of Neossos. Malloch (1927) and Melander (1952) assigned Neossos to the Trixoscelidae. Cogan (1977) excluded the genus from that family because it lacked apomorphic characters in the female postabdomen and transferred Neossos to the Heleomyzidae s.l., although only provisionally. Gill and Peterson (1987) followed that placement. Gorodkov (1984) omitted Neossos from the Heleomyzidae, although he acknowledged that its status was problematic; as a result, Soó s and Papp (1984) treated Neossos as a genus of uncertain family position. McAlpine (1985) included Neossos in Heleomyzidae, although his concept of the family was broader than that of some other authors.
GrifÞths (1972) divided Heleomyzidae s.l. into eight families, primarily because his family-level classiÞca-tion placed strong emphasis on the male postabdomen, which is more morphologically diverse in Heleomyzidae s.l. than in other acalyptrate families; thus, GrifÞthsÕ classiÞcation differed from that of most other authors. However, that classiÞcation is the only classiÞcation to date based on explicit phylogenetic methods. Papp (1998a) disagreed with GrifÞthsÕ segregation of the heleomyzid "families" among several higher taxa but provisionally followed GrifÞthsÕ recognition of several families of uncertain phylogenetic relationships. McAlpine (1985) combined all genera of the Heleomyzidae s.l. into a single family, which he divided into 22 tribes.
Despite these divergent treatments of the heleomyzid ßies as a whole, the subfamilial placement of Neossos has been relatively consistent among those authors. GrifÞths (1972) and Papp (1998a) assigned the genus to the family Chiropteromyzidae; McAlpine (1985) assigned the genus to the tribe Chiropteromyzini within the Heleomyzidae.
McAlpine (1985) treated the monotypic Palearctic genera Chiropteromyza and Ornitholeria as junior synonyms of Neossos. Papp (1998a) questioned McAlpineÕs decision and treated Neossos and Chiropteromyza as distinct, with Ornitholeria considered a synonym of one or the other, although he did not specify which, based on lack of available specimens for study; however, in other publications (Soó s and Papp 1984, Papp 1998b) , Ornitholeria was treated as a junior synonym of Neossos. Although we did not examine specimens of either Palearctic genus, the Papp (1998a) illustrations of the male postabdomen of Chiropteromyza wegelii Frey show a number of differences from Neossos, particularly in the shape of the hypandrium and the extent of the sclerites of segments 6 and 7. There are also differences in the shape of the female spermathecae of Neossos and C. wegelii, and we agree with Papp (1998a) that Neossos and Chiropteromyza should be retained as separate genera.
There is no consensus on the relationships of these genera, and resolution of this question will require phylogenetic analysis of all three genera as well as related heleomyzid genera. The major obstacle is that, like Neossos, Ornitholeria, and Chiropteromyza are rarely collected. O. nidicola was described from female specimens only (Frey 1930) , although there are scattered subsequent records.
Ecology and Host Associations. Differences between the species of Neossos based on morphological characters correspond to differences in geographic distribution and ecological associations of the species. Although all three species are apparently restricted to bird nests, they show differences in both the phylogenetic relationships and nest architecture of their hosts.
McAtee (1927) reared adults of N. marylandicus from puparia collected in nests of several species of passerine birds (Table 1) , all of which were cavity nesters using nest boxes in his study area. Similarly, the Quebec specimens of N. marylandicus were col- lected in the course of an inventory of the arthropod fauna of house sparrow and tree swallow nest boxes (Table 1) . Ryckman (1953) reared specimens of N. californicus from cavity nests of barn owls in California, and Lee and Ryckman (1954) reared one specimen from an open nest of a great horned owl in Arizona. Two other specimens of N. californicus examined in this study were apparently taken from the birds themselves, not the nest material: barn owls are cavity nesters, and prairie falcons are open nesters. Thus, although they are found in a broader range of nest types than N. marylandicus, specimens of N. californicus seem to be restricted to nests of raptors, albeit in two different orders (Strigiformes and Falconiformes). The holotype and Vernon, British Columbia, specimen are the only examined specimens without ecological data.
The type series of N. atlanticus was collected from nests of black-legged kittiwakes, which construct simple platform nests on vertical ledges of sea cliffs.
All of specimens of McAtee (1927) and Malloch (1927) of N. marylandicus were reared from puparia collected in nest material, and larvae and puparia of the same species were collected from nest boxes in the Quebec study. The presence of immature stages in the nest supports a close association between the ßies and the nests.
Adult ßies were usually found deep inside the nest material; they are probably saprophagous. One of the specimens of N. californicus examined was collected from the wing of a barn owl, but there is no indication that it was feeding. No adults of N. marylandicus were observed feeding on tree swallow or house sparrow nestlings during the Quebec study. Given the number of adult ßies collected from nest material, and the apparent absence of adults collected outside bird nests, it seems that they remain in the nestboxes rather than leaving soon after eclosion from the puparium.
The two related Palearctic genera have similar habits. The type series of O. nidicola was reared from a starling nest (Frey 1930) ; C. wegelii has apparently been collected only in association with bats (Frey 1952 , Haenni 1988 , Papp 1998b .
Because the known species of Neossos develop in such a disparate range of nest types, and they are associated with such a broad phylogenetic and ecological range of hosts, it is likely that there are additional, undescribed species of Neossos associated with the nests of other bird species in other parts of North America. If entomologists or ornithologists were to make a concerted effort to rear arthropods from recently occupied bird nests, Neossos may prove to be a more widespread, species-rich, and ecologically varied genus.
